The rat is preferred to mice to model some aspects of human physiology and disease due to its larger size, more complex metabolism, and advanced intelligence. Rats were the first mammalian species used for scientific research, and some important genetic discoveries were first made in this species (Jacob and Kwitek 2002) . However, mice have been the favored model species for geneticists due to the relative ease in which transgenic and knockout mice can be generated. Researchers who are dependent on rats as experimental subjects have been looking forward to the public release of the rat genome assembly. The promise is that more genetic information about this important model species will speed characterization of gene function by implicating genes in more advanced disease models.
Regional gene expression data can be used in many ways to functionally annotate the genome (Su et. al. 2002) . For example, when a researcher finds that an uncharacterized transcript shows an interesting expression pattern from a microarray study, location of expression is one important clue to the possible importance of that transcript in the physiology that the researcher is attempting to model. Likewise, knowledge that the transcript of interest has a human ortholog with a similar expression pattern across tissues is another hint of the significance of that transcript in the disease model. Regional expression data can also be used to find novel genes that are likely to have an important function. For example, genes that are coexpressed in particular tissues, along with genes of well-characterized function, are likely to also play a prominent role in the function of those tissues. Similarly, genes that are coexpressed with known genes of a particular biochemical pathway might also play a role in that pathway (Staudt and Brown 2000) . Although this type of guilt-by-association approach has many critics, it has recently been shown to be successful if multiple species are compared (Stuart et. al. 2003) . Recently, a similar approach used our public mouse and human gene expression set (http://expression.gnf.org) to identify a disease gene for a human cytochrome c oxidase deficiency on the basis of the mapped chromosomal locus and the pattern of gene expression across multiple tissues (Mootha et al. 2003) .
Here, we examine normal physiological expression levels of ∼7000 characterized rat genes and 1000 EST clusters in 11 peripheral and 15 brain regions in three common out-bred rat strains. We describe various applications of this data set including (1) prioritization of microarray follow-up studies, (2) finding genes that likely play an important role in tissue function, (3) finding gene expression differences that might explain phenotypic differences between strains, and (4) narrowing the search for genes that contribute to quantitative trait loci (QTL). Accompanying query tools are available on our Web site at http:// expression.gnf.org or http://symatlas.gnf.org.
RESULTS

Analysis of Strain Differences
Sprague Dawley, Wistar, and Wistar Kyoto rats are some of the more common albino strains used to model human disease and physiology. Phenotypic differences that exist between the strains tend to complicate their use as models for human disease. However, these differences will ultimately reveal physiological roles of some genes. Here, we compare gene-expression differences between strains in a brain region mediating a known phenotypic difference.
Wistar Kyoto rats show exaggerated responses to a number of stressors, and are thus often used as a model to study the relationship between stress and depression (Rittenhouse et. al. 2002) . The first successful antidepression drugs worked to increase catecholamine release in cerebral cortical areas, and many more recent drugs also potentiate cortical catecholamine levels by blocking removal from synapses (Baldessarini 1996) . Catechol-O-methyltransferase (COMT ) is a key enzyme in the catabolism of catecholamines (Hoffman et. al. 1996) . Wistar Kyoto rats show four-to sevenfold higher levels of mRNA for COMT in the cerebral and frontal cortices than Sprague Dawley rats, consistent with a decrease in synaptic levels of catecholamines and a susceptibility to depression (Fig. 1) . One report has shown an alteration in stress-induced norepinephrine release in Wistar Kyoto, but not Sprague Dawley rats, but a defect in norepinephrine catabolism was not described (Tejani-Butt et al. 1994) . However, another study reported that Wistar Kyoto rats are subsensitive to antidepressants, consistent with higher COMT levels in this strain (Lahmame and Armario 1996) .
Gene Coexpression Patterns
Coexpression of uncharacterized genes with genes of important physiological function can be examined with this data set. Such an approach has been hypothesized to be effective in assigning functions to genes (Staudt and Brown 2000) . We used Pearson analysis to find sequences that are coexpressed with any single gene across all tissues in this data set. As an example, we chose the D1 dopamine receptor, as it has an enriched expression pattern in dopamine terminal areas, and plays an important role in the reinforcing behaviors related to drugs of abuse (Self and Stein 1992) . Ten sequences have expression correlation coefficients of at least 0.8 to the D1 receptor (Fig. 2) . Some of these sequences have previously been shown to be enriched in dopamine terminal areas and play an important role in dopamine signaling and striatal function. One sequence, the rat potassium channel protein RHK1 = Kcna4 (GenBank #M32867_at), has been predominantly studied in heart, but is also expressed throughout the basal ganglia (Chung et al. 2000) . But, on the basis of our expression data showing strongest expression in both dorsal and ventral striatum, and especially nucleus accumbens core and shell, it may play a predominant role in both drug addictive and locomotor behaviors (Brundege and Williams 2002) .
A similar search for correlated expression patterns, using a seed set yields more sequences with the same general expression pattern. We used a function of the Rosetta Resolver algorithm (GROW, see Methods) that searches for genes with a similar expression pattern to a defined set of genes. As an example, several genes with known roles in striatal function were chosen for a seed set (GenBank accession nos. X57659, X56065, M35077, AB019145). Using this method, many additional sequences with known roles in striatal neurotransmitter signaling are found, including type V adenylyl cyclase (M96159), CaM-PDE (M94537), and a striatal-enriched phosphatase (S49400) (Supplemental Table 1 available online at www.genome.org). In addition, a transcribed sequence of unknown function shows a dramatic enrichment in the nucleus accumbens core and shell, whole nucleus accumbens, and dorsal and ventral striatum of all rat strains analyzed (Affymetrix probe set rc_AI639435_at, Accession no. AI639435; Fig. 3 ). This expression pattern suggests that this unknown sequence may play an important role in striatal function.
Tissue-Enriched Gene Expression
The Web interface for this data set is useful for finding sequences that are uniquely enriched in expression in particular tissues. The Web site tool allows for selection of one to several tissues, setting relative levels of expression between tissues, and specifying whether or not expression should be exclusive for the chosen tissue or set of tissues. The method simply searches for genes on the basis of specified fold expression levels in a tissue over the median expression level across all tissues. Supplemental Table 2 shows the results of a systematic search for sequences enriched in several brain regions over other tissues. Genes known to be enriched in particular regions, like the dopamine transporter in the ventral tegmental area, validate the utility of this tool. Some EST sequences also possess a restricted tissue distribution. For example, both the pituitary and the pineal contain several ESTs that are enriched in those regions and, given their similar restricted expression pattern to known genes, would indicate that they play an important role in the physiology of these tissues.
Using Gene Expression Information to Find Candidate Genes in Quantitative Trait Loci
QTL mapping is a powerful way to find chromosomal locations that contribute to human disease. Identifying the genes underlying QTL has been difficult, but is occasionally successful (Horikawa et. al. 2000; Hugot et. al. 2001; Ogura et. al. 2001) . QTL mapping in rat may be useful to find genes responsible for various aspects of human disease (Jacob and Kwitek 2002) . However, one major difficulty of the QTL approach is the rather large genomic regions that define a QTL, as anywhere from tens to hundreds of genes may reside in a locus. Trying to narrow down this QTL region and identify candidate genes has been a stumbling block for QTL researchers. In addition, for a complex disease, many loci may contribute to the phenotype. With additional sources of information about the genes that reside in a genomic interval, such as tissue localization of gene expression, it may be possible to identify potential candidates. As an example of this application of our data set, we chose a QTL from the literature associated with a preference for alcohol intake. RatMap http:// ratmap.gen.gu.se/ was used to find QTLs for alcohol preference. A high lod score for alcohol preference is found on chromosome 4 Terenina-Rigaldie et. al. 2003) . Neuropeptide Y (NPY ) was considered as a candidate gene Red represents expression level of a transcript that is above the median expression level across the tissues shown, whereas green represents expression below the median. The intensity of the color corresponds to the magnitude of the change.
in this study, but sequencing of that gene did not reveal any nucleotide differences , and expression differences were not detected (Liang et. al. 2003) between the alcoholpreferring and alcohol-nonpreferring rats.
Genes responsible for alcohol preference should be expressed in the nucleus accumbens; especially the nucleus accumbens shell region and/or the central nucleus of the amygdala (Koob 1999; McBride 2002) . Using resources from Affymetrix (http://www.affymetrix.com), UCSC (http://genome.ucsc.edu), and our Web site (http://expression.gnf.org/ratlas), all transcripts represented on the RG_U34A chip can be found that flank the marker D4Rat34, the peak of the maximum lod score of 9.2 ) from position 78 Mb to 92 Mb. This interval was chosen to include the previous candidate gene, NPY, and include D4Rat34 at the center. Forty-two probe sets are included in this interval (Supplemental Table 3 ). Several transcripts show at least enriched expression in the brain regions of interest (enter all probe sets from Supplemental Table 3 into the dialog box on http://expression.gnf.org/ratlas). One of those transcripts near D4Rat34 is Corticotropin Releasing Hormone (or Factor) Receptor 2 (Accession no. U16253; Fig. 4) . Previous studies have shown that corticotropin releasing factor (CRF ) plays a role in alcohol intake (Bell et. al. 1998; Olive et. al. 2002) . In addition, alcoholpreferring and alcohol-nonpreferring rats show differing responses to CRF (Ehlers et. al. 1992 ). All of these reasons point to CRHR2 as a potential candidate gene for alcohol preference. This example illustrates the value of tissue-expression information in prioritizing the search for candidate genes from QTL studies.
Using Gene Expression Information to Prioritize Microarray Follow-Up Experiments
Tissue expression information is a useful guide for the prioritization of follow-up experiments from gene expression studies. An example of the utility of our gene atlas in this role is from a rat model of addiction. Drug addicts and laboratory animals with drug experience, once made abstinent, very often return to consuming the drug once exposed to a previous environment related to drug taking (Stewart 1983) . Recent studies have found that extinction training, a form of inhibitory learning, reverses or normalizes many neural alterations in addicted animals. For example, rats receiving extinction training after drug selfadministration and abstinence (referred to here as 6EXT) show opposite interests in drug seeking when placed in the drug-taking environment, compared with animals that previously selfadministered the drug followed by abstinence without extinction training (referred to here as 6WD). Gene expression differences between these two groups, in a relevant brain region, might reveal additional biochemical alterations responsible for drug craving. The brain region that we examined was the shell portion of the nucleus accumbens, one of the central brain regions in drug addiction research (Koob 1999) .
A comparison of the 6WD and 6EXT groups yields several transcripts for follow-up studies on the basis of their known function in particular tissues (Supplemental Table 4 ). ESTs of unknown function were initially ignored, as we had no further information about them. However, once we examined expression data across a variety of tissues, some ESTs that demonstrated Figure 3 An uncharacterized transcript shows an enriched expression in all striatal (dorsal and ventral striatum, nucleus accumbens) tissues. Expression profile of this transcript, rc_AI639435_at = AI639435, is displayed using Affymetrix MAS5 signal intensity across many tissues. This sequence was found using the GROW function of the Rosetta Resolver software package (see Methods and Supplemental Table 1 ), and shows a highly correlated expression pattern to known striatal genes. A similar image can be obtained on http://expression.gnf.org/ratlas.
Applications of a Rat
interesting expression patterns could be moved up the priority list for further studies. For example, one sequence (Affymetrix probe set AF055714UTR#1_at, Accession no. AF055714), in addition to being the most down-regulated transcript in the comparison, also shows highly enriched expression in the nucleus accumbens core and shell of Sprague Dawley rats (Fig. 5) . In addition to its regulation by the behavioral condition of interest, this tissue-restricted pattern suggests a prominent role in the function of the nucleus accumbens.
Comparison of the expression pattern of rat and human orthologous genes can help prioritize followup experiments from rat geneexpression studies, as well as determine whether or not rats should be used as models when studying the functions of particular genes. We therefore compiled a list of rat to human orthologs using HomoloGene (Supplemental Table 5 ). We then compared expression data from rat and human across tissues in our data sets. An example of the usefulness of this information is illustrated here. From the cocaine-craving experiment described above, the most differentially expressed gene list (Supplemental Table 4 ) is compared with a list of genes showing the highest expression correlations between human and rat (from Supplemental Table 5 ). One of the resulting sequences is BHF-1, also called NeuroD1, a basic helix-loop-helix protein that, upon a preliminary search of the human ortholog in Locus Link (http:// www.ncbi.nlm.nih.gov/LocusLink/ locus ID: 4760), seems to be Figure 4 Corticotropin release hormone receptor 2 shows enriched expression in brain regions involved in alcohol preference, especially the nucleus accumbens core and shell, whole nucleus accumbens, and central nucleus of the amygdala. Expression profile of this transcript is displayed using Affymetrix MAS5 signal intensity across many tissues. A similar image for this sequence, U16253_at = U16253, can be found at http://expression.gnf.org/ratlas.
Figure 5
A novel transcript with differential expression in a model of cocaine craving shows a dramatically enriched expression in drug addictionrelated brain regions. Expression profile of this transcript, AF055714UTR#1_at = AF055714, is displayed using Affymetrix MAS5 signal intensity across many tissues. A similar image can be obtained on http://expression.gnf.org/ratlas. primarily involved in insulin transcription and diabetes. Comparison of transcription patterns across tissues in both species indicates that it is highly expressed, manyfold over any other tissue, in the cerebellum. Examination of the expression pattern of mouse and human orthologs, across more tissues, further highlights its enhanced expression in the cerebellum (see probe set 36768_at for U95A and 92717_at for U74A from http:// expression.gnf.org). A more extensive look into the literature has suggested a role for BHF-1 in neuronal development (Liu et al. 2000; Franklin et al. 2001 ). This finding supports the theory that some type of neuronal remodeling might be occurring during the extinction process (Schmidt et al. 2001; Henry and Garcia 2002) and may be responsible for the loss of interest in cocaine seeking. Using the tissue-expression pattern of this gene in rat and observing that its expression pattern is conserved in humans and enriched in the cerebellum, focuses additional importance on its neuronal function.
DISCUSSION
We describe a data set and accompanying Web site of rat gene expression across multiple tissues in commonly used strains. Multiple examples of how this data set can reveal interesting potential functions of genes are illustrated. Our public human and mouse gene-expression data (http://expression.gnf.org) has been an important resource for functional gene discovery. We believe the present rat data set will accelerate gene discovery in this common model for human physiology.
Careful consideration of the potential experimental variables should be recognized in these large data sets. This is especially true with public data sets that likely contain samples taken from a variety of laboratories. Although standard Affymetrix procedures were used in the two laboratories where these microarray studies were done, some slight laboratory-specific or operatorspecific differences may exist. To minimize these potential differences, care was taken in this study to only include arrays and samples of similar quality (percent present scores, background, actin, and GAPDH 3Ј/5Ј ratios). Another potential variable becomes more pronounced when increasingly refined dissections are taken, and when similar dissections are taken from different laboratories and combined into one database. For this reason, detailed descriptions of the dissection procedures should be given when dissection borders are not obvious.
Basal gene expression measurements across multiple tissues can be used as reference data to prioritize follow-up experiments of expression array studies. Multiple simultaneous measurements inherent in expression studies result in many false-positive expression changes. In addition to the false positives, in an organism such as the rat, in which most genes are uncharacterized, some decision has to be made whether or not to pursue further experiments with the uncharacterized transcripts. Researchers often perform sequence analysis to investigate the function of an uncharacterized transcript; however, identifying common domains from sequence only reveals a molecular function and usually reveals no information on a gene's physiological function. An additional source of information is the pattern of gene expression in normal physiological tissues, which often can help the researcher decide whether or not to pursue a particular uncharacterized transcript based on a more complete description of gene function. A scenario can also be imagined where drug targets or diagnostic markers are sought from an expression experiment. Of the desirable expression changes found, some priority should be given to those genes that are expressed in the target or diseased tissue over other organs (Welsh et al. 2003) .
Regional expression data from multiple species can add an additional level of analysis to results of a microarray study. One should focus on regional expression patterns that are conserved across species, or at least consistent with human expression patterns. In the rat-to-human comparisons shown here, previously unknown discrepancies in expression patterns between the species can be found with several genes (see Interleukin 18, as U133A probe set 206295_at in Supplemental Table 5 ). Caution should be taken, however, in making conclusions when a limited set of tissues is compared, as high or low correlations might be due to the absence of a tissue where the key function of a particular gene is performed. For example, the present data set is lacking a couple of key organs, such as liver and lung. But when considered carefully, these types of comparisons can help a researcher discern whether or not to study a particular gene in a rodent model if the goal is to predict human physiology.
This gene expression data set can also aid in the hunt for functions of uncharacterized genes by pairing their expression patterns to known genes. In the few examples shown here, genes with expression patterns restricted to particular tissues likely play an important role in the function of those tissues. Likewise, genes that are coexpressed with members of a biochemical pathway might play a role in that pathway. A similar recent study in the Malarial parasite Plasmodium falciparum, although using various life-cycle stages instead of different tissues, has proven the utility of such an approach (Le Roch et al. 2003) .
This data set can also help identify potential candidate genes from published rat QTL studies. The genomic interval given in the example above unveiled several interesting genes based on expression pattern alone (paste probe set identifiers from Supplemental Table 3 into the dialog box on expression. gnf.org/ratlas). One of the genes was ␣ synuclein, which a previous study demonstrated to be differentially expressed between alcohol-preferring and alcohol-nonpreferring rats (Liang et.al. 2003; Supplemental Table 3 ). That study found that this expression difference was due to a polymorphism in the ␣ synuclein gene, but the authors also suggested that multiple genes in the same QTL might influence alcohol consumption in these rats. CRHR2 should also be considered as a candidate gene influencing alcohol intake and preference. Studies suggest that CRHR2 does not play as prominent a role in the stress response and. therefore, in the major biological effect of its ligand, CRF, as CRHR1 (Rivier et. al. 2003) . However, additional lines of evidence suggest that CRHR2 should be considered along with ␣ synuclein. First, CRHR2 is relatively enriched in expression in two brain regions implicated in alcohol intake, the nucleus accumbens and the central nucleus of the amygdala (Fig. 4; Koob 1999; McBride 2002) . Second, CRF plays a role in alcohol consumption (Bell et. al. 1998; Olive et. al. 2002) . And third, alcohol-preferring and alcohol-nonpreferring rats show a differential response to CRF (Ehlers et. al. 1992) . Future studies should determine the role of this specific receptor in alcohol intake, and if any nucleotide differences exist in this gene between preferring and nonpreferring rats. Although this gene could have been found simply through browsing QTLs in Ratmap (http://ratmap.gen.gu.se/) and using various tools to view genes in the relevant genomic intervals, examination of its expression pattern across multiple tissues rapidly identified it as a potential candidate gene.
Lastly, the data set presented here can help to explain some of the phenotypic differences that have been known to exist between common rat strains. In our search for the best model for human disease, we will learn more about the disease by comparing the strains. Some of the phenotypic differences might be predicted from genes of known function. It might also be possible to exploit these strain differences to discover the functions of novel genes, or to discover additional functions of known genes.
The public release of this data set coincides with the release of the rat genome sequence. It won't be long until full-transcriptome rat chips are commercially available and larger data sets than the one presented here are generated. These types of reference data sets will speed the characterization of rat gene function, and ultimately, the function of human genes that the rats are meant to model.
METHODS Tissue and Microarray Processing
Tissues for expression studies were collected from a variety of sources (Supplemental Table 6 ). Tissues were homogenized in Trizol (Invitrogen), and total RNA was purified with Rneasy columns (Qiagen). Replicates consisted of either duplicate pools of tissue used for each array, or one tissue from one animal per array (see Supplemental Table 6 ). Five micrograms total RNA, or 0.2 µg poly(A + ) RNA, was used for cDNA synthesis and cRNA amplification, and chips were hybridized to RGU34A arrays (Affymetrix) according to standard Affymetrix protocols (Affymetrix Expression Analysis Technical Manual, http://www.affymetrix.com/ support/technical/manuals.affx). Arrays were washed and stained with standard Affymetrix reagents. Arrays were scanned with an Affymetrix scanner (model GA 2500). Data was analyzed both with MAS5 (Affymetrix) by global scaling to a target intensity of 200 and Rosetta Resolver.
Training of Drug-Seeking and Nonseeking Rats
Detailed methods describing the surgery and training of the rats used for the cocaine-craving study can be found in Sutton et. al. (2003) . The drug-craving group of rats, 6-wk withdrawal (6WD), self-administered cocaine for 15 d in 6 h/d sessions, then were made abstinent for 6 wk, a time when a parallel group of identically trained animals exhibit profound drug-seeking behavior when returned to the environment where they previously selfadministered the drug. Another group, 6-wk extinction (6EXT), self-administered the same amount of cocaine as the 6WD rats, and then also was made abstinent for 6 wk. However, unlike the 6WD group, the 6EXT group underwent extinction training during the final week of the 6-wk abstinence period, which involved returning rats to the previous drug-paired environment and allowing them to attempt to self-administer a drug when it was not available. After this period, the 6EXT group no longer pursued cocaine reinforcement.
Analysis of Differential Gene Expression
For finding gene-expression differences between strains in the frontal and whole cerebral cortices, both MAS5 (global scaling to a value of 200) and Rosetta Resolver analysis (see below) was done, and the intersection between the data sets were reported. Briefly, pairwise comparisons in MAS5 used three filters, t-test P-values of <0.05, absolute fold changes of at least 2, and minimum expression values (group average signals had to exceed a value of at least 100 in at least one group). Rosetta Resolver filters were absolute fold changes of at least 2 and P-values <0.05, using Resolver's ratio ANOVA function. Resolver ANOVA analysis is similar to standard ANOVA, but instead uses two inputs, expression measurement quantity, and estimated error of measurement quantity. This additional input provides more reliable variance measurements, a necessity when the number of replicates is small (Rajagopalan 2003) . This error estimate also brings extra degrees of freedom to the analysis, allowing for fewer false positives and false negatives (see http://www.rosettabio.com/publications/ default.htm for additional references). For finding genes differentially expressed between cocaine-craving and noncraving rats, only the Resolver data was used.
For display of differential expression between strains, MAS 5-and Resolver-processed data (see above) was further filtered in Rosetta Resolver's clustering algorithm according to the following criteria (detection P < 0.05 and present score required for at least three chips, coefficient of variation across all samples at least 0.5). Only 10 sequences remained after these three filtering steps.
Gene Coexpression/Tissue Enrichment
For finding genes coexpressed with the D1A dopamine receptor, Pearson analysis was performed across all tissues. To display the results, (Fig. 2) all sequences on the RG_U34A chip and all experiments in this data set were clustered by Z score with an agglomerative algorithm. This algorithm used the following parameters: average link, Euclidean distance, and individual probes were error-weighted. Sequences were used if their detection Pvalues were <0.01, they were scored as present for at least three chips across the entire data set, and their coefficients of variation across the set were at least 0.5. Sequences with Pearson correlation coefficients of at least 0.8 to the D1 dopamine receptor across all tissues were projected onto this two-dimensional cluster diagram.
For finding genes coexpressed with a set of striatal-enriched genes, GROW (Rosetta Resolver) was performed using this set as a seed set. GROW is a pattern-finding algorithm that searches for additional genes and experiments with a similar pattern to the seed set, and essentially perform a two-dimensional (across genes and tissues) Pearson correlation.
For finding genes with highly enriched expression in particular tissues, the RAtlas expression pattern interface from the Web site (http://expression.gnf.org/ratlas) was used, using the following filters: tissue of interest greater than 10-fold above the median expression level, and nonspecified tissues no more than threefold above the median. The number of exceptions allowed, whether or not exclusive expression was specified, and the combinations of strains used for the search was varied for each tissue to yield a manageable number of transcripts.
Finding Candidate Genes in QTL
The rat QTL database (http://ratmap.gen.gu.se) was used to find genomic intervals associated with quantitative trait differences f o u n d i n t h e l i t e r a t u r e . F r o m a P u b M e d ( h t t p : / / www.ncbi.nlm.nih.gov/PubMed/) search using "QTL alcohol rat" as keywords, 13 articles were found, and a cursory viewing of the abstracts showed that chromosome 4 was associated with the highest lod score for alcohol preference. From the QTL portion of the RatMap site (http://ratmap.gen.gu.se/qtler/), chromosome 4 and "Eoh" were chosen from the search options, and the genomic interval associated with the published QTL was shown . Markers from this genomic interval were searched in the UCSC site via the Affymetrix link (https:// www.affymetrix.com/analysis/netaffx/query_ucsc.affx), and probe sets from the RG_U34A chip were downloaded and pasted into the dialog box on the RAtlas Web site (http:// expression.gnf.org/ratlas). Expression patterns were examined for all genes, and CRHR2 was chosen, as it had its highest levels of expression in the nucleus accumbens and central nucleus of the amygdala, and lower expression levels in other tissues.
Ortholog Comparisons
Rat to human ortholog comparisons were made using data from Homologene (http://www.ncbi.nlm.nih.gov/HomoloGene/). Only pairs that contained Locus Link identifiers, and only tissues that were common between our human and rat sets, were used. Human expression data for the orthologs was from HG_U133A chips; tissue sources and the complete data set across many more tissues will be described in an upcoming manuscript (A.I. Su, T. Wiltshire, S. Batalov, H. Lapp, K.A. Ching, D. Block, J. Zhang, R. Soden, M. Hayakawa, G. Kreiman, et al., in prep.) . The number of othologs that contained Locus Link identifiers and were present on both the RGU34A and HG_U133A chips was 2219 (Supplemental Table 5 ). For Pearson analysis, the data set was further filtered to find the most dynamically expressed genes (Su et. al. 2002) . Thus, transcripts were chosen only if the minimum MAS5 signal intensity was above a value of 100 in at least one tissue (means of all replicates were taken) across both species, and maximum/median values were at least a value of 3 in both species.
